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To test the hypothesis that mitral valve prolapse may be due 
either to billowing of mitral leaflets into the left atrium or to 
dynamic expansion of the mitral anulus, mitral leaflet and 
annular dimensions and motion were measured by comput-
er-assisted two-dimensional echocardiography in 35 normal 
adults and 48 subjects with auscultatory and M-mode 
echocardiographic evidence of mitral prolapse. Among 
normal subjects, mitral leaflet and annular dimensions 
tended to be larger compared with body size or left 
ventricular size in women than in men. 
Mitral leaflet billowing was observed in 24 (50%) of 48 
patients with mitral prolapse and 0 of 35 normal subjects 
(100% specificity). The 24 patients without leaflet billowing 
had greater systolic expansion of the mitral anulus (p < 
0.0001) than did normal adults or patients with leaflet 
billowing (41 ± 14% versus 27 ± 12% and 22 ± 11%, 
respectively) and a significantly lower body mass index (p < 
0.005 versus normal group). The ratio of anterior plus 
Mitral valve prolapse is the most prevalent abnormality of 
human heart valves, affecting 2:4% of the population (I), 
with evidence favoring its being inherited as an autosomal 
dominant condition with age- and gender-dependent expres-
sion of one or more genes (2-4). Strong statistical associa-
tions have been documented between classic auscultatory 
and echocardiographic features by which mitral valve pro-
lapse is diagnosed and other clinical findings, notably low 
body weight and blood pressure (5,6), thoracic bony abnor-
malities (7-10), orthostatic hypotension (11,12) and pal pita-
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posterior mitral leaflet length to end-systolic annular diam-
eter was lower in patients with prolapse without leaflet 
billowing than in normal subjects (1.09 ± 0.12 versus 1.19 
± 0.15, respectively, p < 0.01) or patients with leaflet 
billowing (1.21 ± 0.17, P < 0.05). Among 35 relatives with 
mitral prolapse in the families of 23 patients with prolapse, 
the pattern was the same as in the proband in 31 (89%) (p 
< 0.000002). 
These findings suggest that mitral valve prolapse occurs 
in two phenotypic patterns, characterized by either mitral 
leaflet billowing or dynamic systolic expansion of the mitral 
anulus in association with lean body build, which appear to 
represent geneticaUy distinct entities of as yet unknown 
molecular cause. Furthermore, the larger mitral leaflets 
and anulus in relation to body size in normal women may 
contribute to the more consistent expression of mitral 
prolapse genes in women. 
(J Am Coli CardioI1988;12:1423-31) 
tion (8). However, marked heterogeneity exists among sub-
jects with mitral valve prolapse, not only in regard to the 
presence or absence of these clinical features but also with 
respect to the risk of complications (13,14). 
It was suggested by Barlow and Pocock (15) that mitral 
valve abnormalities may also be heterogeneous in patients 
with auscultatory and echocardiographic evidence of mitral 
valve prolapse. They proposed that systolic protrusion of the 
mitral leaflets into the left atrium ("billowing") and loss of 
cusp apposition related to mitral anulus dilation ("pro-
lapse") may occur independently or together in varying 
degrees in such patients. Similarly, during review of two-
dimensional echocardiograms on patients with a typical 
click, murmur and M-mode echocardiographic evidence of 
mitral valve prolapse, we have observed that mitral leaflet 
tissue moved superiorly into the left atrium during systole in 
some patients, whereas in others abnormal motion appeared 
to be more posteriorly directed. 
In response to these observations, the present study was 
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undertaken to use computer-assisted quantitation of mitral 
leaflet and anulus dimensions and motion from two-dimen-
sional echocardiograms to determine whether mitral valve 
abnormalities were uniform or heterogeneous in patients 
with mitral valve prolapse diagnosed by conventional crite-
ria, to relate mitral valve findings to other phenotypic 
features of mitral prolapse and to determine whether the 
observed patterns of mitral valve prolapse "ran true" in 
families. 
Methods 
Study patients. One hundred thirty-six subjects were 
randomly selected from the population enrolled in a prospec-
tive study of mitral valve prolapse. This study, performed 
after informed consent was received under a protocol ap-
proved in 1979 and at regular intervals thereafter by the 
Committee on Human Rights in Research of Cornell Univer-
sity Medical College, evaluated patients with mitral valve 
prolapse, affected and unaffected relatives and spouses and 
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Figure 1. Upper panel, simultaneous phonocar-
diogram (top) and M-mode echocardiogram 
(bottom) demonstrating a midsystolic click (e) 
associated with late systolic prolapse of the mi-
tral leaflets (arrows) in a patient with leaflet 
billowing. Lower panel, M-mode echocardiogram 
demonstrating late systolic mitral prolapse (ar-
rows) in a patient without leaflet billowing in the 
two-dimensional echocardiogram. AML = ante-
rior mitral leaflet; IVS = interventricular septum; 
PML = posterior mitral leaflet; PW = posterior 
left ventricular wall; Sl = first heart sound; S2 = 
second heart sound. 
other control subjects without mitral valve prolapse with 
methods previously described in part (3,8). Eighty-three 
subjects (61 %) had a two-dimensional echocardiogram of 
superior technical quality suitable for the quantitative anal-
yses to be described. The control group included 35 subjects 
(23 women and 12 men; mean age 37 years [range 17 to 65]) 
who showed no evidence of mitral valve prolapse or other 
cardiovascular diseases on echocardiographic and clinical 
examination, including auscultation in multiple positions and 
during isometric handgrip exercise. In the 48 study patients 
(32 women and 16 men; mean age 34 years [range 16 to 65]), 
a clinical diagnosis of mitral valve prolapse was made by 
standard M-mode echocardiographic criteria (described 
later) supported in most instances by the presence of typical 
auscultatory findings (Fig. 1). Demographic and clinical data 
on the control group and subjects with mitral valve prolapse 
are given in Table 1. 
Echocardiographic recording. Echocardiograms were 
performed by an experienced research technician with pa-
tients in the partial left decubitu~ position, with the head of 
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Table 1. Demographic and Clinical Findings in 83 Subjects 
Mean age (yr)* 
Women 
Midsystolic click 
Late or holosystolic murmur 
Click and murmur 
Control Group 
(n = 35) 
37 ± 14 
23 (66%) 
*These data are expressed as mean ± SD. 
NS 
NS 
<0.0001 
<0.0001 
<0.001 
Mitral Valve 
Prolapse 
(n = 48) 
34 ± 13 
32 (67%) 
32 (67%) 
24 (50%) 
14 (29%) 
the bed elevated approximately 30°. A Diasonics DRF 400 
echocardiograph was used. Two-dimensional echocardio-
grams were recorded using a 3.5 MHz mechanical scanning 
transducer with a 75° field of vision on 112 in. (1.27 cm) 
videotape by a JVC 5400R recorder; M-mode tracings made 
using the same transducer were recorded on black and white 
strip-chart paper at 50 mmls using a Tektronix recorder. The 
accuracy of both horizontal and vertical calibrations of this 
machine was verified using an RMI phantom (Radiation 
Measurements, Inc.). In selected patients with narrow inter-
costal spaces additional M-mode recordings were made with 
a smaller independent transducer (Aerotech 2.25 MHz, 13 
mm diameter focused at 2 to 16 cm) and a Picker 80C 
echocardiograph. 
Extensive recordings of the mitral valve were made from 
all available parasternal acoustic windows. M-mode tracings 
included multiple sweeps across the mitral valve from the 
left ventricle to the aorta along differently oriented paths as 
well as transverse scans of the valve, analogous to the T scan 
introduced for left ventricular measurements by Henry et al. 
(16). Two-dimensional recordings of the mitral valve were 
made in parasternal long- and short-axis and apical four 
chamber views in all subjects. 
Computerized analysis. Our computer-assisted system 
was designed to assess quantitatively the spectrum of mitral 
valve abnormalities suggested by Barlow and Pocock (15) 
and our preliminary observations, which are depicted sche-
matically in Figure 2. Because the nonplanar ("saddle") 
shape of the mitral anulus can produce apparent prolapse of 
normal mitral valves in the four chamber view as demon-
strated recently by Levine et al. (17), we limited our com-
puterized analysis of two-dimensional echocardiograms to 
the parasternal long-axis view. In contrast to the normal 
systolic position of the mitral leaflets on the left ventricular 
side of the mitral anulus (Fig. 2A), the mitral leaflets pro-
trude into the left atrium in patients with "billowing" (Fig. 
2B). Reduction in the extent of mitral leaflet coaptation with 
little or no billowing might be produced by dynamic mitral 
anulus dilation (Fig. 2C). 
A computer program was written in UCSD Pascal by one 
of the investigators (R.P.) for use on a Diasonics CardioRe-
vue Center (option 4) two-dimensional echocardiogram re-
Figure 2. Schematic diagram of mitral valve during systole as seen 
in the parasternal' long-axis two-dimensional echocardiographic 
view, with a vertical M-mode echographic beam (M) traversing the 
valve. A, normal mitral valve with leaflet apposition on the left 
ventricular (LV) side of the mitral anulus (AN). Posterior motion of 
the mitral leaflets visualized by M-mode recording might be pro-
duced either by superior displacement (thin arrow) or annular 
expansion (thick arrow). B, mitral valve with systolic billowing of 
mitral leaflets into the left atrium (LA) (open arrows). The dashed 
lines depict the mitral valve position in early systole. C, mitral valve 
with acute dilation of the mitral anulus during systole; posterior 
motion of the posterior leaflet's hinging point allows the mitral 
leaflets to move posteriorly during systole (open arrows). The dashed 
lines depict the mitral valve position in early systole. Ao = aorta; 
other abbreviations as in Figure I. 
view station. This system permits operators to locate points 
and trace interfaces from stop-frame videotape images by 
use of a digitizing tablet linked to the video monitor and 
interacting with the computer program. 
After repeated review of each two-dimensional paraster-
nallong-axis view, a cardiac cycle was selected that allowed 
the best visualization of the anterior and posterior mitral 
leaflets from base to tip and the chord across the mitral 
anulus from the base of one leaflet to the other throughout 
the cardiac cycle. A late diastolic frame was chosen and the 
system calibrated for both vertical and horizontal axes. 
Hinging points at the base of the anterior and posterior mitral 
leaflets were identified, which the computer used to locate 
the plane of the mitral anulus. The leading edges of the mitral 
leaflets were then traced from their base to free edge to 
determine their position and length. The entire systolic 
period of this cycle (from the beginning of the R wave of the 
electrocardiogram to the next opening of the mitral valve) 
was examined frame by frame in stop-action format. Digiti-
zation was performed by one operator who had no knowl-
edge of clinical or strip chart M-mode findings. Digital data 
from each echocardiographic frame were stored on disk for 
further analysis. The accuracy of measurements in both 
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Figure 3. Computer print out depicting size and position of the 
mitral leaflets and anulus frame by frame, from late diastole through 
systole into the next diastole as seen in the parasternal long-axis 
two-dimensional view in a patient with mitral leaflet billowing. A 
calibration scale (em) is given at the bottom; the number below each 
frame is the inclination of the mitral anulus in degrees from the 
horizontal axis. 
horizontal and vertical axes was verified using images of 
known dimensions from an ultrasound phantom. 
An example of sequential frame by frame graphic display 
in the original orientation of mitral valve motion throughout 
the cardiac cycle in a patient with leaflet billowing is shown 
in Figure 3 and a single still frame of the original two-
dimensional echocardiogram is shown in Figure 4. A mea-
surement calibration scale is included in this display as is the 
Figure 4. Two-dimensional echocardiographic frame from the pa-
tient in Figure 3 illustrating billowing of the anterior and posterior 
mitral leaflets (arrows). Abbreviations as in Figure 2. 
inclination of the mitral anulus on each frame in degrees 
from the horizontal axis, assuming "3 o'clock" as 0° and "12 
o'clock" as 90°. Data obtained from the digitized mitral 
images included length of the anterior and posterior mitral 
leaflets and the mitral anulus diameter on each frame. The 
length of the anterior and posterior mitral leaflets was 
measured just before mitral valve closure. Mitral anulus 
diameter was measured in 12 sequential frames, from the 
beginning of the R wave to the frame just before mitral valve 
opening. 
Diagnosis of mitral valve prolapse. All diagnostic and 
quantitative evaluation of the mitral valve was performed 
blindly, with no knowledge of either clinical findings or 
results of the alternate two-dimensional or M -mode echocar-
diographic technique. Standard criteria for M-mode echocar-
diographic diagnosis ofmittal prolapse were used (2,18,19), 
with two-dimensional echocardiographic verification of cor-
rect beam angulation. As previously described (19), diagno-
sis of mitral valve prolapse is made only when the continu-
ous mitral leaflet interfaces both 1) move at least 2 mm 
behind the C-D line for late systolic prolapse or at least 3 mm 
behind the C-D line for holosystolic prolapse, and 2) exhibit 
"turning around," with actual posterior motion away from 
the transducer. The diagnOSIs of mitral valve prolapse by 
these criteria in our laboratory has proved to be highly 
reproducible (57 [95%] of 60) in studies performed 19 to 54 
months apart (20). In studies in our laboratory (21), these 
echographic criteria were associated with a typical systolic 
click or murmur, or both, in 166 (94%) of 176 patients with 
mitral valve prolapse, and were closely related to biologic 
features of mitral prolapse including inheritance (3) and low 
body weight (5). 
Diagnosis of mitral leaflet billowing. This diagnosis was 
made by two-dimensional echocardiography if one or both 
mitral leaflets protruded across the plane of the mitral anulus 
into the left atrium in systole, as recommended by previous 
investigators (22,23). As suggested by Levine et al. (17), only 
the parasternal long-axis view was examined for the diagno-
sis of mitral valve prolapse because a nonplanar shape of the 
mitral anulus can produce the appearance of mitral prolapse 
in the apical four chamber view in normal subjects. In 
addition, the degree of rotation of the mitral anulus (quanti-
tatively assessed from the computed mitral anulus slopes), 
exaggeration of which has been reported in mitral valve 
prolapse (23;24), was evaluated to determine whether abnor-
mal mitral anulus rotation might contribute to posterior 
motion of mitral leaflets detected as mitral prolapse by 
M-mode echocardiography. 
Statistical analysis. Differences between two frequencies 
are evaluated by the chi-square test with Yates continuity 
correction or the Fisher exact test (25). Differences between 
more than two frequencies are evaluated by chi-square test 
followed by multiple comparisons for proportions (26). Data 
are reported as mean ± stan~atd deviation; means are 
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Table 2. Sex-Related Differences in Echocardiographic Measurements of Mitral Valve and Left Ventricle in 48 Patients With and Without 
Mitral Valve Prolapse 
Control Group Mitral Valve Prolapse 
Women p Men Women p Men 
(n = 23) Value (n = 12) (n = 32) Value (n = 16) 
BSA (m2) 1.63 ± 0.14 <0.0001 1.98 ± 0.17 1.66 ± 0.12 <0.0001 1.89 ± 0.19 
End-diastolic anulus (cm) 2.63 ± 0.41 NS 2.79 ± 0.33 2.65 ± 0.37 NS 2.82 ± 0.31 
End-systolic anulus (cm) 2.85 ± 0.36 NS 3.01 ± 0.29 2.99 ± 0.40 NS 3.10 ± 0.46 
Anterior leaflet (cm) 1.98 ± 0.34 NS 2.04 ± 0.27 1.96 ± 0.30 NS 2.13 ± 0.29 
Posterior leaflet (cm) 1.41 ± 0.22 NS 1.54 ± 0.20 1.41 ± 0.29 NS 1.50 ± 0.26 
LVIDd (cm) 4.71 ± 0.43 <0.0001 5.45 ± 0.47 4.88 ± 0.43 <0.002 5.31 :t 0.47 
LVIDs (cm) 3.14 ± 0.34 <0.0001 3.77 ± 0.49 3.18 ± 0.37 <0.002 3.56 ± 0.36 
End-diastolic anulus/BSA 1.62 ± 0.21 <0.02 1.42 ± 0.22 1.60 ± 0.23 NS 1.50 ± 0.16 
(cmlm2) 
End-systolic anulus/BSA 1.76 ± 0.21 <0.005 1.53 ± 0.21 1.81 ± 0.23 <0.05 1.65 ± 0.27 
(cm/m2) 
Anterior leaflet/BSA (cm/m2) 1.23 ± 0.22 <0.02 1.04 ± 0.18 1.18 ± 0.18 NS 1.13 ± 0.18 
Posterior leaflet/BSA 0.87 ± 0.14 NS 0.78 ± 0.12 0.85 ± 0.17 NS 0.80 ± 0.14 
(cm/m2) 
LVIDdiBSA (cmlm2) 2.90 ± 0.19 NS 2.77 ± 0.31 2.95 ± 0.23 NS 2.82 ± 0.25 
LVIDs/BSA (cm/m2 1.94 ± 0.21 NS 1.92 ± 0.32 1.92 ± 0.22 NS 1.89 ± 0.19 
BSA = body surface area; L VIDd = left ventricular diastolic internal dimension; L VIDs = left ventricular systolic internal dimension. 
compared by unpaired Student t tests or analysis of variance 
followed by the Scheffe test (26). A p value of <0.05 was 
considered as statistically significant. 
Results 
Two-dimensional and M-mode echocardiographic mitral 
valve prolapse. Compared with auscultatory and conven-
tional M-mode criteria of mitral valve prolapse, digital 
analysis of two-dimensional long-axis views demonstrated 
mitral leaflet billowing beyond the annular plane in 24 of the 
48 subjects with mitral prolapse (50% sensitivity) and in 0 of 
the 35 control subjects (lOO% specificity). Systolic rotation 
of the mitral anulus between presystolic and end-systolic 
frames, as assessed by degrees of clockwise rotation of the 
annular slope, was not statistically different in the control 
group (10 ± 7) from patients with or without leaflet billowing 
(11 ± 7 and 14 ± 8, respectively). 
Mitral valve and left ventricular dimensions (Tables 2 and 
3). No difference was observed between normal men and 
women in mitral valve leaflet lengths and anulus diameters, 
but left ventricular internal dimensions were significantly 
greater in normal men (Table 2). The gender-related differ-
ences in left ventricular internal dimensions disappeared 
when values were indexed for body surface area, whereas 
mitral valve dimensions became larger in normal women 
than in men when indexed for body surface area or left 
ventricular internal dimensions. Subjects with mitral valve 
prolapse likewise showed no difference in mitral valve 
dimensions between women and men and the left ventricular 
Table 3. Differences in Mitral Valve Dimensions Between Normal Subjects and Patients With Mitral Valve Prolapse With 
and Without Billowing 
c: Mitral 
a: Prolapse 
Control b: Mitral Prolapse Without 
Group a Versus b: With Billowing b Versus Billowing a Versus c: 
(n = 35) p Value (n = 24) c: p Value (n = 24) p Value 
Late diastolic anulus (cm) 2.68 ± 0.39 NS 2.83 ± 0.36 NS 2.59 ± 0.32 NS 
End-systolic anulus (cm) 2.91 ± 0.34 NS 3.02 ± 0.45 NS 3.03 ± 0.40 NS 
Percent anulus (minimum 27 ± 12 NS 22 ± II <0.0001 41 ± 14 <0.0001 
to end-systole) 
Anterior leaflet (cm) 2.00 ± 0.31 NS 2.08 ± 0.31 NS 1.95 ± 0.28 NS 
Posterior leaflet (cm) 1.45 ± 0.22 NS 1.54 ± 0.30 <0.05 1.35 ± 0.22 NS 
Anterior + posterior leaflet 
End-systolic anulus 1.19 ± 0.15 NS 1.21 ± 0.17 <0.05 1.09 ± 0.12 <0.01 
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Figure 5. Variation in mitral anulus diameter during systole in 35 
normal subjects and 48 patients with mitral valve prolapse with or 
without leaflet billowing. The dashed line in the lower panel illus-
trates the results in normal subjects for comparison. 
internal dimensions exhibited the same gender-related differ-
ences as in the control group. 
No differences were observed between subjects with 
mitral valve prolapse and control subjects in anterior mitral 
leaflet length (2.01 ± 0.30 versus 2.00 ± 0.31 cm, NS) or 
posterior leaflet length (1.44 ± 0.28 versus 1.45± 0.22 cm, 
NS). Although late-diastolic and end-systolic mitral anulus 
diameters were similar in normal individuals and the sub-
groups of subjects with prolapse with or without leaflet 
billowing (Table 3), striking differences among the groups 
were observed in the variations in mitral anulus diameter 
during systole. In both normal subjects and those with mitral 
prolapse, with or without leaflet billowing, the mitral anulus 
diameter diminished in early systole before increasing in mid 
and late systole during the period of left ventricular pressure 
development. In accord with previous observations by Or-
miston et at. (27), the pattern of dynamic variation during 
systole of mitral annular dimension was nearly identical in 
subjects with mitral valve prolapse with leaflet billowing and 
in normal adults. However, subjects with mitral valve pro-
lapse without billowing exhibited a progressive increase in 
annular diameter throughout systole (Fig. 5). Systolic annu-
lar expansion from its smallest dimension in early systole 
was significantly greater in subjects with nonbillowing mitral 
valve prolapse (41 ± 14%) than in control subjects (27 ± 
12%) or those with leaflet billowing demonstrated in the 
parasternal long-axis view (22 ± 11%) (p < 0.0001 for both 
comparisons). The ratio of the sum of anterior and posterior 
mitral leaflet lengths to late systolic mitral annular diameter 
was significantly lower in subjects with mitral prolapse 
without mitral leaflet billowing (1.09 ± 0.12) than it was in 
either control subjects (1.19 ± 0.15, p < 0.01) or those with 
mitral valve prolapse with leaflet billowing 0.21 ± 0.17, p < 
0.05), thus supporting Barlow and Pocock's OS) hypothesis 
that loss of leaflet apposition may occur in subjects with 
mitral valve prolapse without leaflet billowing. 
Demographic and clinical findings in subjects with mitral 
valve prolapse with and without mitralleaftet billowing (Table 
4). No significant differences existed among study groups in 
age or sex. Typical auscultatory features of mitral valve 
prolapse were present in 20 (83%) of 24 subjects with mitral 
valve prolapse with mitral leaflet billowing and in 22 (92%) of 
24 subjects with mitral valve prolapse without mitral leaflet 
billowing, with a similar distribution of clicks and murmurs 
in the two groups. In contrast to the lack of differences 
between subjects with mitral valve prolapse with and with-
out mitral leaflet billowing in age, gender or auscultatory 
findings, a trend toward low body weight was observed in 
those without leaflet billowing that became significant (p < 
0.005 versus control subjects) when the body mass index 
Table 4. Relation of Clinical Findings to Presence or Absence of Mitral Leaflet Billowing in 83 Subjects 
a: 
Control 
Group a Versus b: 
(n = 35) P Value 
Mean age (yr) 37 ± 14 NS 
Women 23 (66%) NS 
Midsystolic click 0 
Late or holosystolic murmur 0 
Click and murmur 0 
Height (m) 1.67 ± 0.11 NS 
Weight (kg) 66.6 ± 14.8 NS 
Body mass index (kg/m2) 24.1 ± 4.8 NS 
Systolic blood pressure (mm Hg) 126 ± 17 NS 
Thoracic bony abnormalities 4 (11%) <0.001 
Data are expressed as mean ± SD. 
b: Mitral Prolapse 
With Billowing b Versus c: 
(n = 24) p Value 
34 ± 12 NS 
15 (63%) NS 
18 (75%) NS 
10 (42%) NS 
8 (33%) NS . 
1.71 ± 0.10 NS 
66.0 ± 12.2 NS 
22.4 ± 3.4 NS 
118 ± 15 NS 
14 (58%) NS 
c: Mitral 
Prolapse 
Without 
Billowing 
(n = 24) 
34 ± 13 
17 (71%) 
14 (58%) 
14 (58%) 
6 (25%) 
1.70 ± 0.09 
59.4 ± 9.0 
20.6 ± 2.5 
117 ± 14 
' 13 (54%) 
a Versus c: 
p Value 
NS 
NS 
NS 
NS 
<0.005 
NS 
<0.001 
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Table 5. Familiality of Mitral Valve Motion Pattern 
Family Members 
With billowing 
Without billowing 
With Billowing 
19 
o 
Proband 
Without Billowing 
4 
12 
Chi-square = 18.5, p < 0.0001; Fisher exact test = p < 0.000002. 
was considered. Furthermore, both groups of patients with 
mitral valve prolapse had a slightly lower systolic blood 
pressure than did control subjects, a difference that reached 
statistical significance when the two groups of patients with 
prolapse were considered together (118 ± 14 versus 125 ± 18 
mm Hg in control subjects, p < 0.05). Patients with mitral 
valve prolapse with and without leaflet billowing had simi-
larly higher prevalences of thoracic bony abnormalities on 
physical examination compared with control subjects. 
Familiality of mitral valve motion pattern. For analysis of 
familiality of the observed patterns of mitral prolapse, the 
first subject with mitral prolapse in each family in whom the 
presence or absence of leaflet billowing was documented 
was considered to be the index case. Twenty-three subjects 
with mitral valve prolapse in the present study (13 with and 
10 without billowing) were index cases with at least one 
relative in whom mitral prolapse was documented by M-
mode echocardiography with technically adequate visualiza-
tion of the mitral valve in the parasternal long-axis view 
during the course of our prospective family study (3,5,8). In 
classifying the affected family members (6 in the present 
study and 29 additional subjects) we found that all 19 
affected relatives of the probands with billowing presented 
an identical echocardiographic pattern and 12 of the 16 
affected relatives of the probands without billowing likewise 
exhibited nonbillowing mitral valve prolapse (chi-square = 
18.5, with Yates correction, p < 0.0001; Fisher exact test p 
< 0.000002) with a total concordance of 31 (89%) of 35 
relatives (95% confidence limits; 78 to 100%) (Table 5). The 
one family in which both parents of the proband exhibited 
mitral valve prolapse was not included in this classification 
because the father had mitral prolapse with leaflet billowing 
and the mother had nonbillowing prolapse; two of their three 
children with mitral prolapse exhibited leaflet billowing and 
one did not. 
Discussion 
Over the quarter century since a midsystolic click and a 
late systolic murmur were first securely linked to a mitral 
valve origin (28), it has come to be accepted that mitral valve 
prolapse is due to billowing of anatomically redundant mitral 
leaflets superiorly and posteriorly into the left atrium during 
systole (22,23,29-36). Recently, this concept of a single 
pattern of mitral valve abnormality in subjects with mitral 
valve prolapse was challenged by Barlow and Pocock (15), 
who suggested that, although some subjects have leaflet 
billowing, in others prolapse is due to acute dilation of the 
mitral anulus, in accord with previous pathologic demonstra-
tion of a dilated mitral anulus in patients with severe forms of 
mitral valve prolapse (35-37). The results of our present 
study not only provide support for the concept advanced by 
Barlow and Pocock (15) but also refine it by indicating that 
the mitral anulus abnormality in mitral valve prolapse with-
out billowing is dynamic expansion during each systole, 
rather than rapidly developing structural dilation of the 
anulus. 
Role of mitral leaflet billowing and dynamic annular ex-
pansion. Our data, obtained by using computer-assisted 
quantitative frame by frame analysis of two-dimensional 
echocardiograms, demonstrate that conventional ausculta-
tory and M-mode echocardiographic manifestations of mitral 
valve prolapse may be produced by two patterns of mitral 
valve abnormality. Thus, subdivision of subjects with mitral 
valve prolapse into groups that did or did not demonstrate 
systolic billowing of one or both mitral leaflets into the left 
atrium in systole in the parasternal long-axis view revealed 
that those without mitral leaflet billowing exhibited strikingly 
greater dynamic enlargement of the mitral anulus during late 
systole (p < 0.000l) than did either normal adults or subjects 
with mitral valve prolapse with leaflet billowing (Table 3 and 
Fig. 4). This finding suggests that the acute annular dilation 
proposed by Barlow and Pocock (15) as the cause of mitral 
valve prolapse without billowing actually reflects a func-
tional abnormality of the mitral anulus rather than a perma-
nent enlargement. 
The recent observation (38) of disjunction between the 
mitral anulus and left ventricular myocardium in patients 
without mitral leaflet enlargement on pathologic study pro-
vides a possible anatomic explanation for this phenomenon. 
The observation by Angelini et a1. (39) that annular disjunc-
tion occurs independently of gross anatomic mitral leaflet 
abnormalities characteristic of mitral prolapse is compatible 
with the evidence of abnormal annular distension without 
leaflet enlargement found in our study. However, further 
studies comparing dynamic annular behavior in vivo to 
necropsy findings are needed before annular disjunction can 
be accepted as the cause of the abnormal mitral anulus 
function in non billowing mitral valve prolapse. 
Familiality of patterns of mitral valve prolapse. The 
strong familiality of patterns of mitral valve prolapse exhib-
ited by affected relatives in 23 families of the present study 
group suggests the existence of two genetically distinct 
entities that share auscultatory and M-mode echocardio-
graphic features. Both types of mitral valve prolapse were 
strongly (p < 0.001) associated with thoracic bony abnor-
malities, an established phenotypic feature of this heritable 
condition. Similarly, systolic blood pressure tended to be 
lower in subjects with both patterns of mitral prolapse than 
in control subjects. In contrast, the phenotypic feature of a 
low body mass index was only significantly associated with 
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mitral prolapse with dynamic annular expansion without 
leaflet billowing. These data suggest that this subtype of 
mitral valve prolapse may account for the low body weight 
reported in previous clinical (9), population (6) and family (5) 
studies of mitral prolapse. Although too few subjects with 
mitral valve prolapse complicated by severe mitral regurgi-
tation were included in the present study (4 of the 35 
relatives with mitral prolapse) to allow conclusions to be 
drawn about whether this complication is preferentially 
associated with one pattern of prolapse, other recent studies 
(40-42) suggest that most patients with mitral prolapse 
complicated by important mitral regurgitation exhibit leaflet 
billowing associated with valvular enlargement. 
Our data suggest that clear-cut mitral leaflet billowing 
occurs in approximately half of subjects with mitral valve 
prolapse, and might therefore affect 1.5 to 2% of adults 
based on current estimates of an overall prevalence of mitral 
prolapse of 3 to 4% in un selected populations (19,43). 
However, our data cannot provide a definitive estimate of 
the prevalence of billowing or non billowing forms of mitral 
valve prolapse in un selected populations, because we stud-
ied a combination of subjects with clinically recognized 
mitral valve prolapse and affected relatives in families of 
index cases with clinically recognized mitral prolapse. Fur-
ther study will be required to obtain reliable estimates of the 
prevalence of the different patterns of mitral valve prolapse. 
Gender difference in relation between mitral valve and left 
ventricular size. Our findings in normal subjects suggest that 
the more consistent expression of the mitral valve prolapse 
gene or genes in women than in men may be at least partially 
explained by cardiac geometry. Thus, in accord with previ-
ous studies (44-46), left ventricular internal dimensions were 
larger in our normal men than in our normal women, a 
difference that was abolished by indexation for body surface 
area. In contrast, un indexed mitral valve anulus and leaflet 
dimensions did not differ between normal men and women, 
and the ratio of mitral valve dimensions to body surface area 
or left ventricular dimensions tended to be larger in normal 
women. The lack of gender differences in mitral valve 
dimensions has also been found in pathologic studies of up to 
2,000 normal hearts (47,48). These observations suggest that 
normal women have a relatively more redundant mitral valve 
than do normal men and thus might require more subtle 
disturbances of valve architecture or function to express 
mitral valve prolapse. Although our findings in subjects with 
mostly uncomplicated mitral valve prolapse do not directly 
support this hypothesis, this result is not surprising in view 
of the relatively small number of subjects in the prolapse 
groups with and without leaflet billowing (n = 24 in each) and 
the confounding interindividual variability of mitral valve 
dimensions seen in both normal and prolapse groups. 
One negative result of the present study may also have 
implications for theories of the pathogenesis of mitral valve 
prolapse. Contrary to expectations, we were not able to 
demonstrate significant enlargement of mitral leaflet or 
anulus dimensions in our subjects with leaflet billowing, in 
contrast to previous observations in groups of patients in 
whom billowing of enlarged mitral leaflets was accompanied 
by severe mitral regurgitation (41,42). This suggests that 
leaflet billowing may in at least some subjects be due to 
abnormalities other than valve enlargement. One possible 
mechanism is deficient chordal support to portions of the 
mitral leaflets, as has been documented in some pathologic 
studies of mitral valve prolapse (49-51). 
Implications. The data obtained in the present study 
confirm the hypothesis of Barlow and Pocock (15) that 
clinical and conventional echocardiographic features of mi-
tral valve prolapse can be produced either by systolic 
billowing of mitral leaflets into the left atrium or by disjunc-
tion of the mitral anulus. Separation of our patients with 
mitral prolapse into groups based on the pattern of mitral 
valve abnormality revealed significant differences between 
groups in body mass index. This concordance between 
valvular and extravalvular abnormalities suggests that two 
phenotypically distinct forms of mitral valve prolapse exist, 
one type being characterized by systolic leaflet billowing into 
the left atrium, whereas the second type is characterized by 
dynamic systolic expansion of the mitral anulus -allowing 
reduction in leaflet apposition in lean patients. The familial 
clustering of patterns of mitral valve prolapse in the present 
study (Fisher exact test, p < 0.000002) strongly suggests that 
the two phenotypic patterns we have observed represent 
genetically distinct entities due to as yet unknown molecular 
defects. 
We thank Mariane C. Spitzer for expert performance of the echocardiograms 
and Virginia Bums for assistance in preparation of this manuscript. 
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